A Gram-stain-negative, aerobic, rod-shaped bacterium, designated M41
Positive for oxidase, catalase and nitrate reduction. The respiratory quinone is Q-10. The major fatty acids (>10 %) are iso-C 15:0 , iso-C 17:1 !9c and summed feature 3 (comprising C 16:1 !7c and/or iso-C 15:0 2-OH). The major polar lipids are phosphatidylethanolamine, one unidentified phospholipid, one unidentified aminolipid, and three unidentified glycolipids.The genomic DNA G +C content is 56.3 mol %. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain M41
T should be assigned to the genus Kordiimonas. ). An emended description of Kordiimonas lacus is also provided.
The genus Kordiimonas, belonging to the family Kordiimonadaceae, was proposed by Kwon et al. (2005) . At the time of writing, the genus Kordiimonas contains four species with validly published names: Kordiimonas gwangyangensis (type species), K. lacus, K. aestuarii and K. aquimaris (http:// www.bacterio.net/kordiimonas.html). The natural habitats from which species of the genus Kordiimonas have been isolated are mainly marine environments, such as marine sediment, seawater and ballast water tank of a commercial ship (Kwon et al., 2005; Xu et al., 2011; Math et al., 2012; Yang et al., 2013) . Members of the genus Kordiimonas are Gramnegative, aerobic and weakly halophilic (Kwon et al., 2005) . Cells are ovoid to rod-shaped, occur singly or in chains and multiply by binary fission. All species have mesophilic characteristics for growth temperature (optimum !30 C), except K. aquimaris (optimum 20 C) (Yang et al., 2013) . Phylogenetic analysis revealed the genus Kordiimonas to be closely related to the genera Eilatimonas and Temperatibacter (Teramoto & Nishijima, 2014) . They can be distinguished from other groups within the class Alphaproteobacteria by their cellular fatty acid composition, having high contents of iso-and anteiso-branched fatty acids (Paramasivam et al., 2013; Teramoto & Nishijima, 2014; Xu et al., 2014) . A novel Kordiimonas strain, M41
T , was isolated from a surface seawater sample collected from the western Pacific Ocean and was subjected to taxonomic study using a polyphasic approach.
A surface seawater sample was collected from the western Pacific Ocean (160 E 0 N) by a rosette sampler connected with CTD system (SBE911 plus; Sea-Bird Electronics) from the vessel Xiang Yang Hong Shi Hao during the autumn cruise in June 2014. Approximate 100 µl seawater sample
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain M41
T is KR919608. The GenBank/EMBL/ DDBJ accession numbers for the whole genome sequences of strain M41
T and Kordiimonas lacus S3-22 T are LRUB00000000 and LRUA00000000, respectively. was spread on modified marine agar (natural seawater with 0.5 g peptone and 0.1 g yeast extract, final pH 7.2) by using the standard ten-fold dilution plating technique. After 10 days of aerobic incubation at 30 C, one cream-white colony designated M41
T was picked. The isolate was purified by repeated restreaking. Purity was confirmed by the uniformity of cell morphology. Unless otherwise stated, strain M41
T was routinely cultured on marine broth 2216 (MB; BD Difco) at 30 C. Strain M41 T can be maintained for short-term storage on marine agar 2216 (MA; BD Difco) slants at 4 C.
The temperature range for growth was determined by incubating the strain at 4, 15, 20, 25, 28, 30, 35, 37, 40, 42, 45 and 50 C. The pH range for growth was determined in MB that was adjusted to pH 5-10.5 (in 0.5 pH unit intervals) using appropriate buffers (MES for pH 5.0-6.0, PIPES for pH 6.5-7.0, Tricine for pH 7.5-8.5 and CAPSO for pH 9.0-10.5) at a concentration of 50 mM. Evaluation of the pH values after autoclaving revealed only minor changes. The optimal conditions with NaCl for growth were tested by using NaCl-free MB (prepared according to the MB formula, but without NaCl) with different NaCl concentrations (0, 0.5, 1.0, 3.0, 5.0, 7.5, 10.0, 12.0, 15.0 and 20.0 % as final concentration, w/v). The requirement of artificial sea salts was evaluated on YP medium (5.0 g yeast extract and 1.0 g peptone) with the addition of 0, 1.0, 2.0, 3.0 and 5.0 % (w/v) sea salts (Sigma). Growth was monitored by measuring OD 590 in a UV/Visible spectrophotometer (Ultrospec 6300 pro; Amersham Biosciences). Cell morphology, size and motility were examined using optical microscopy (BX40; Olympus), confocal laser scanning microscopy (TCS SP5; Leica) and transmission electron microscopy (JEM-1230; JEOL).
The Gram reaction was tested by the Gram staining method (Dong & Cai, 2001) . Catalase activity was detected by bubble production in 3 % hydrogen peroxide solution(v/v). Oxidase activity was determined by oxidation of 1 % (w/v) p-aminodimethylaniline oxalate. Anaerobic growth was carried out with AnaeroPack (Mitsubishi) using fumarate (20 mM), nitrate (20 mM) or nitrite (10 mM) as a potential electron acceptor. Tests for hydrolysis of DNA (0.2 %, w/v), gelatin (1.0 %, w/v), starch (0.2 %, w/v), Tween 20 (1.0 %, w/v), Tween 40 (1.0 %, w/v) and Tween 80 (1.0 %, w/v) were performed on plates to examine the existence of a transparent circle or aureola (Dong & Cai, 2001) . DNA plates were flooded with 5 M HCl, gelatin plates were flooded with Frazier reagent (per litre distilled water: 150 g HgCl 2 and 200 ml hydrochloric acid), and starch plates were flooded with Lugol's iodine solution (per litre distilled water: 3.3 g iodine and 6.6 g potassium iodide). Acid production was tested using the marine oxidation-fermentation (MOF) medium supplemented with 0.5 % sugars (Leifson, 1963) . Single-carbon-source assimilation tests were performed using BM medium (Baumann et al., 1971) . The corresponding filter-sterilized sugar (0.2 %), alcohol (0.2 %), organic acid (0.1 %) or amino acid (0.1 %) was added to liquid medium. Sensitivity to antimicrobial agents was determined on MA at 30 C and observed after 3, 7 and 14 days. A diameter of inhibition zones >8 mm (including the 6 mm diameter of the filter paper) was considered sensitive to antimicrobial agents. Additional enzyme activities and biochemical characteristics were determined using API 20 NE, API 20E and API ZYM kits (bioM erieux) at 30 C; strips were inoculated with a heavy bacterial suspension (MacFarland 5 standard) in AUX medium supplemented with 2.0 % (w/v) sea salts (Sigma) (Park et al., 2005) . K. gwangyangensis JCM 12864 T , K. lacus S3-22 T and K. aestuarii JCM 17742
T were used as controls in the above tests.
Genomic DNA was obtained using the method described by Marmur (1961) . The 16S rRNA gene was amplified and analysed as described previously (Xu et al., 2007) . PCR products were cloned into vector pMD 19-T (TaKaRa) and then sequenced. The resulting 16S rRNA gene sequence was compared with closely related sequences of reference organisms from the EzTaxon-e service (Kim et al., 2014) . Phylogenetic analysis was performed in ARB release 6.0.2 (Ludwig et al., 2004) in the All-Species Living Tree Project database (LTP_s119, November 2014) (Yarza et al., 2008) . The 16S rRNA gene sequences of strain M41 T were aligned with SINA (version 1.2.11) according to the SILVA seed alignment (http://www.arb-silva.de) (Pruesse et al., 2007) and implemented into the LTPs database. Based on the obtained phylogenetic resolution and EzTaxon-e results, further trees were reconstructed of strain M41
T and related species using the MEGA 5 software package (Tamura et al., 2011) . Sequence data were aligned with CLUSTAL W (Thompson et al., 1994) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood methods (Felsenstein, 1981) with the MEGA 5 program package. Evolutionary distances were calculated according to the algorithm of Kimura's two-parameter model (Kimura, 1980) for the neighbour-joining method.
The genome of strain M41 T and K. lacus S3-22 T were sequenced by Illumina HiSeq 2500 platform (Anoroad Gene Technology, Beijing) in this study. The genome of K. gwangyangensis JCM 12864 T (GenBank accession no. AQXF00000000) was retrieved from the GenBank database. The average nucleotide identity (ANI) between two genomes was calculated using the algorithm of EZGenome web service (Goris et al., 2007) and Orthologous Average Nucleotide Identity Tool (OAT software) (Lee et al., 2016) . The genome-to-genome distance was calculated by GGDC (Meier-Kolthoff et al., 2013) .
Fatty acid methyl esters were obtained from the cells of strain M41
T as well as four reference strains grown in MA until the end of exponential phase, and were analysed according to the instructions of the Microbial Identification System (MIDI). Isoprenoid quinones were extracted from freeze-dried cells (200 mg) with chloroform/methanol (2: 1, v/v) and analysed by HPLC-MS (Komagata & Suzuki, 1987) . Total lipids were extracted by the modified method of Kamekura & Kates (1988) and identified by two-dimensional TLC. Molybdophosphoric acid and sulfuric acid were used for the detection of all lipids, ninhydrin reagent for lipids containing free amino lipids, ammonium molybdate reagent for phospholipids, and a-naphthol reagent for glycolipids (Tindall et al., 2007) .
Strain M41
T was Gram-stain-negative, aerobic and rodshaped, 0.7-0.9 µm in width, 1.8-3.0 µm in length (Fig. S1 , available in the online Supplementary Material). Cells divided by binary fission. Granules were present inside the cell. Colonies were cream-white, circular, slightly convex and 1-2 mm in diameter after incubation for 3 days at 30 C on MA. T fell within the cluster comprising species of the genus Kordiimonas and formed a clade with K. lacus. The neighbourjoining, maximum likelihood and maximum-parsimony phylogenetic tree topologies also supported the notion that strain M41
T formed a stable clade with K. lacus having a high bootstrap value (99 % in neighbour-joining tree) (Fig. 1) . Sequence comparisons to representative bacteria with validly published names and phylogenetic analysis indicated that strains M41 T belongs to the genus Kordiimonas.
The DNA G+C content of strain M41
T was determined to be 56.3 mol%. Strain M41
T exhibited ANI values of 81.7 and 72.3 % with respect to K. lacus S3-22 T and K. gwangyangensis JCM 12864 T , respectively. The ANI values were far below the threshold of 94-96 % that corresponded to the species boundary (Richter & Rosselló-Móra, 2009 ), indicating a low taxonomic relatedness between strain M41
T and other reference species. The genome-to-genome distance analysis revealed that strain M41 T shared 51.4 % DNA-DNA relatedness with K. lacus S3-22 T and 16.3 % with K. gwangyangensis JCM 12864 T , respectively.These values were well below the 70 % cut-off point recommended for the assignment of strains to the same genospecies (Wayne et al., 1987) .
The chemotaxonomic data support the results of the phylogenetic analysis. Ubiquinone 10 (Q-10) was determined to be the sole quinone, which was in accord with the description of the genus Kordiimonas. Fatty acid analysis revealed that three components in strain M41
T , iso-C 15:0 , iso-C 17:1 !9c and summed feature 3 (comprising C 16:1 !7c and/ or iso-C 15:0 2-OH), were the principal fatty acids (>10 %) ( Table 2 ). Branched fatty acids were seldom found in Alphaproteobacteria, but high contents of iso-and anteisobranched fatty acids were reported in Kordiimonas (Kwon et al., 2005; Xu et al., 2014) . Similar to the reference strains, strain M41
T contained a high percentage of branched fatty acids, however, the content of iso-branched fatty acids of strain M41
T (64.9 %) was less than that of the reference strains T (3.9 %), but not in any of the reference strains.
The major polar lipids were phosphatidylethanolamine (PE), one unidentified phospholipid (PL1), one unidentified aminolipid (AL1) and three unidentified glycolipids (GL1-GL3) (Fig. S2) . In addition, moderate to minor amounts of two unidentified phospholipids (PL2 and PL3), two unidentified glycolipids (GL4 and GL5), one unidentified aminolipid (AL2), an aminophospholipid (APL), an aminoglycolipid (AGL) and three lipids (L1-L3) were also detected in strain M41 T . All species of the genus Kordiimonas possess PE as one of the major polar lipids.
T could be differentiated from K. lacus S3-22 T on the basis of N-acetyl-b-glucosaminidase activity in API ZYM tests, utilization of N-acetylglucosamine as sole carbon source, production of acids from trehalose and myoinositol, and susceptibility to kanamycin, neomycin and tobramycin (Table 1) . Comparing the polar lipid profiles, one major glycolipid (GL3) was detected in strain M41 T , which was not observed in K. lacus S3-22 T (Fig. S2) . Moreover, the DNA-DNA relatedness, lower than the threshold, was another proof to distinguish strain M41 T and K. lacus S3-22
T . Strain M41 T could be distinguished from other species of the genus Kordiimonas with validly published names by fatty acids profiles and different phenotypic characteristics (shown in ).
On the basis of the phenotypic, genotypic and chemotaxonomic characterizations, as well as phylogenetic inference obtained in this study, strain M41
T represents a novel species of the genus Kordiimonas, for which the name Kordiimonas lipolytica sp. nov. is proposed. An emended description of Kordiimonas lacus is also provided. N.L. fem. adj. lipolytica fat-dissolving, referring to the property of being able to hydrolyse lipids].
Description of
Cells are Gram-stain-negative, aerobic, rod-shaped, 0.7-0.9 µm in width and 1.8-3.0 µm in length. Colonies are circular, slightly convex and 1-2 mm in diameter after incubation for 3 days at 30 C on MA. Growth occurs in the presence of of 0.5-10.0 % (w/v) NaCl (optimum at 1.0-3.0 %). The pH and temperature ranges for growth are pH 5.5-9.5 and 15-45 C (optimum at pH 7.5 and 30 C). No growth is detected at 4 C or above 45 C. No anaerobic growth occurs on MA supplemented with fumarate (20 mM), nitrate (20 mM) or nitrite (10 mM). Positive for oxidase, catalase and nitrate reduction. Negative for arginine dihydrolase, citrate utilization, glucose fermentation, lysine and ornithine decarboxylases, indole formation, H 2 S production and urease. Aesculin, gelatin, DNA and Tweens 20, 40 and 80 are hydrolysed; starch is not hydrolysed. Acid and alkaline phosphatases, a-chymotrypsin, cysteine arylamidase, esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphohydrolase, valine arylamidase and trypsin activities are present; N-Acetyl-b-glucosaminidase, a-and b-galactosidases, a-and b-glucosidases, b-glucuronidase, lipase (C14), a-mannosidase and leucine arylamidase activities are absent. D-Glucose and maltose are utilized as sole carbon and energy sources. The following compounds are not utilized as sole carbon and energy sources: L-arabinose, D-galactose, D-mannose, D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malate, trisodium citrate and phenylacetic acid. Acid is produced from glucose, maltose and cellobiose, but not from myo-inositol or trehalose. The respiratory quinone is Q-10. The major fatty acids (>10 %) are iso-C 15:0 , iso-C 17:1 !9c and summed feature 3 (comprising C 16:1 !7c and/or iso-C 15:0 2-OH). The major polar lipids are PE, one unidentified phospholipid (PL1), one unidentified aminolipid (AL1), and three unidentified glycolipids (GL1-GL3). In addition, moderate to minor amounts of two unidentified phospholipids (PL2 and PL3), two unidentified glycolipids (GL4 and GL5), one unidentified aminolipid (AL2), one aminophospholipid (APL), one aminoglycolipid (AGL) and three lipids (L1-L3) are also present.
The type strain is M41 T (=CGMCC 1.15304 T =JCM 30877 T ), isolated from the surface seawater collected from the western Pacific Ocean. The DNA G+C content of the type strain is 56.3 mol%. Xu et al. 2011 , emend. Yang et al. 2013 In addition to the characteristics reported by Xu et al. (2011) , the following properties are observed. The major polar lipids are phosphatidylethanolamine (PE), one unidentified phospholipid (PL1), one unidentified aminolipid (AL1) and two unidentified glycolipids (GL1 and GL2).
Emended description of Kordiimonas lacus

